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Abstract 
 
In this paper, seven production methods including drilling and blasting are evaluated 
concerning technical, environmental, and economical aspects. These production 
techniques are wheel excavator, hydraulic excavator, surface miner, hydraulic hammer, 
bulldozer, and face miner. This study is carried out to find the best technique, that may 
alternate to the classical drilling and blasting method. However, the use of such classical 
production method may be the only option for some quarry operators. Various comparison 
aspects are investigated concerning the welfares of these systems, the relation between 
the potential improvement of the ecological effects on the one hand and the technological 
potential, and the costs on the other. Two different statistical analyses that are the Fuzzy 
Method Analyses Hierarchical Process (AHP) and Principal Component Analyses (PCA) are 
applied in this assessment. The final evaluation of the two mathematical models is matched 
closely, and it proves that the drilling and blasting is the most efficient method then come 
after it bucket wheel excavator, hydraulic excavator, surface miner, hydraulic hammer, 
bulldozer, and face miner, respectively. The range of competency among these techniques 
regarded to drilling and blasting efficiency is ranged from 78.5% to 20%.   

 

Introduction 

The high demand for raw materials and the shrinking 

number of economically mineable deposits challenges 

the mining industry to increase the demand for 

innovative, economical, efficient, and 

environmentally friendly exploitation methods. As a 

result, many approaches are applied today to rock 

break-in surface mining, such as drilling and blasting, 

cutting, breaking, ripping, and milling techniques, as 

shown in Figure (1) [1-3]. It is well known that all the 

different rock breakage operations no way to be 

compared to the drilling and blasting operations, 

because they are of course the most efficient and 

cheapest mining methods, especially in the case of 

hard rocks. But in many cases, mining companies are 

concerned with the environmental effects resulting 

from mining operations and they are forced to search 

for alternative mining operations for some suitable 

processes for mining methods in the mine, regardless 

the cost [4,5]. In the surrounding and adjacent to the 

mines, companies may often have to pay huge 

amounts of compensation for the damages resulting 

from the explosions to the community surrounding 

the mines, and therefore, they are looking for 

alternatives in some areas to replace the blasting 

operations. Consequently, this study does not aim to 

derive a better mining method than blasting, but it 

aims to reach the best alternative methods that can 

be used as an alternative to blasting for special 

circumstances of mining conditions [4,6]. The 

appropriate mining operation is not only the low-cost 

operation method but also that is technically 

applicable for the ore, suitable for the ground 

conditions, and Safe for the surrounding 

environment. Then there are more than one suitable 

option and the main task, in this case, is how to 

choose the best alternative which has the fewest 

problems among them [4,7,8].  

There are earlier studies in the mining production 

methods without the use of explosives and give the 

important question is what are the true benefits of the 

explosive techniques with all the environmental 

effects and the technological potential as well as the 

costs [1,2]. Also, there is a review that investigates 

both explosive and nonexplosive rock breakage 

methods to see the potential negative effects of the 

conventional methods. Also discuss the advantages of 

modern alternative rock breakage methods, including 

environmental protection and focused on safety 

during the rock breakage process [7]. The technical 

options will be examined under commercial aspects 

and on the basis of the methodology defined. This will 

include both static and dynamic cost analyses, with 

the static cost analysis examining the capital and 
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operating costs. The dynamic cost analysis will be 

depending on the mining tools company. Non-viable 

methods will be disregarded in all future 

examinations. The commercial assessment will be 

followed, if possible, by a quantification of the 

environmental effects by way of input-output 

analysis, during which the environmental effects will 

be considered. 

The most popular technique that answers decision-

making problems is the analytical hierarchy process 

(AHP). However, AHP is ineffective when applied to 

ambiguous problems like the uncertainty of the 

criteria parameters [9,10,11,12]. For accommodating 

the uncertainty of the factors, AHP is integrated with 

fuzzy logic [13,14]. Sensitivity analysis is an essential 

component of fuzzy-AHP decision-making models 

[15]. The sensitivity analysis measures the consistency 

in selecting the best alternative in different conditions 

[15,16,17]. The final priorities of the alternatives are 

heavily dependent on the weights associated with the 

main criteria parameters [18]. The selection of mining 

equipment depends on multiple factors. Thus, it is 

important to analyze the degree of decision-making 

due to either a change in a factor's uncertainty level 

or a decision maker's attitude [4,6]. Sensitivity 

analysis provides information about an alteration in 

the ranking of the alternatives. The sensitivity analysis 

of different decision-making models has been 

performed in different fields, but very few in selecting 

mining equipment [19,20]. The actual mining 

operations comprise the extraction system as refers 

to all equipment necessary to exploit and the partial 

operations, such as digging out the rock or loosening, 

loading, hauling or conveying, and pre-crushing. The 

mining operations are called by the direction progress 

such as vertical or horizontal, (parallel mining, surface 

bench mining, side-to-side mining).  

The most important consideration is the geotechnical 

(digging height, soils type, output rate, and 

consumption power), economical (production cost, 

maintains cost and final investments), and 

environmental parameters, (dust, Noise, emissions of 

gases, cumulative energy and vibration) taken into 

account in this study. However, the geological 

parameters could be neglected because of the 

similarity of all soil types in the different opencast 

mining. The term extraction technique refers to the 

way how the rock is loosened, which can be done 

either by drilling and blasting or by a technique 

without the use of explosives by evaluating the 

geotechnical, economical, and environmental 

parameters. The present study analyzes the decision-

making results in selecting the best surface mining 

rock breakage technique using the proposed AHP and 

principal component analyses (PCA) models under 

different fuzzification factors and decision-making 

attitudes. The model performance was analyzed by 

changing the uncertainty levels of the factors from 

minimum to maximum in different decision-making  

attitudes, i.e., optimistic, pessimistic, and unbiased. 

The annual production capacity of the surface mine to 

be assessed has been specified [4,7,8]. The production 

capacity for each extraction technique is established 

based on the deposit or the rock formation with its 

bonding or rock properties [3,4]. 

 

Figure 1 Extraction techniques for the mining of rock [1]. 

Research Methods  

Many systematic approaches are used to evaluate 

and determine the environmental performances of 

different excavation techniques and procedures. 

Therefore, an explanation of the procedure which 

headed to assess the different types of mining 

equipment by captivating into account many features 

is presented. Two different models for the evaluation 

are proposed, where they are Analyses Hierarchical 

Process (AHP) and Principal Component Analyses 

(PCA) [11,13,14]. These methods are numerically 

processed using statistical analyses of fuzzy 

technique.  

Setting up the statistical Fuzzy AHP model 

The AHP assessment is largely depending on many 

points of views, which are technical, environmental, 

and economic impacts. Each aspect has many 

evaluation indices as reported in [21,22]. In the AHP 

model, the evaluation of the mining equipment 

techniques is the main objective. There are many 

factors affecting on the criterion level quality, which 

will be illustrated as follows:  

U1 technical aspects (U11, U12, U13 … etc.)  

U2 Environmental aspects (U21, U22, U23 … etc.) 

U3 Economic aspects (U31, U32, U33 … etc.) 

The relation between the main evaluation of the 

mining equipment techniques, U, and this aspect with 

all indicators are simplified at Figure (2) [11,21].  The 

main target of this model is to evaluate the mining 

equipment techniques U, considering the main factors  

affecting on it, technical U1, Environmental U2 and 

economical aspects U3. These aspects include thirteen 

factors each of them has a different weight and effect 

on the final selection of the technique. 

Fuzzy assessment matrix 

Fuzzy assessment matrix represents the 

connection between the aspect Uim, (i = 1, 2, 3 and m 

= 1, 2, … etc.) and the assessment amount rimj. The 

total valuation matrix Ri, for separately assessment 

item is determined by: 

𝑅𝑖 = [

𝑟𝑖11
𝑟𝑖12 ⋯ 𝑟𝑖1𝑛

𝑟𝑖21
𝑟𝑖22 ⋯ 𝑟𝑖2𝑛

⋮
𝑟𝑖𝑚1

⋮     ⋮
𝑟𝑖𝑚2 ⋯

⋮
𝑟𝑖𝑚𝑛

]     (1) 
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Figure 2 The indicator system for evaluation of mining 
equipment. 

where, n is number of evaluation factors discussed 

as follows. Each evaluation factor has its own 

characteristics or extensity, and has its own 

dimension and distribution, so there is no way to 

directly compare or operate. As results, ranging 

transformation should be applied to the original data 

to convert it to dimensionless. Additionally, 

assessment factors may be positive or negative to this 

assessment; Therefore, the following tasks must be 

used in case of positive signs [23]. 

𝑟𝑖𝑚1 =  {
0

(𝑢 − 𝑎1) 𝑎2⁄
1

      

𝑢 < 𝑎1

𝑎1 ≤ 𝑢 <  𝑎2

𝑢 ≥ 𝑎2

        (2) 

𝑟𝑖𝑚2 =  {
0

(𝑢 − 𝑎1) (𝑎2⁄
0.4

− 𝑎1)      

𝑢 < 𝑎1

𝑎1 ≤ 𝑢 <  𝑎2 

𝑢 ≥ 𝑎2

 (3) 

𝑟𝑖𝑚3 =  {
0.4

(𝑎2 − 𝑢) (𝑎2⁄
0

− 𝑎1)     

𝑢 < 𝑎1

𝑎1 ≤ 𝑢 <  𝑎2

𝑢 ≥ 𝑎2

        (4) 

𝑟𝑖𝑚4 =  {
1

(𝑎2 − 𝑢) 𝑎2⁄
0

                  

𝑢 < 𝑎1

𝑎1 ≤ 𝑢 <  𝑎2

𝑢 ≥ 𝑎2

       (5) 

where, u is the equipment criterion, and a1 and a2 are 
boundary limits of each criterion. As the Also, the 
following equations are used in case of negative sign.  

𝑟𝑖𝑚1 =  {
1

(𝑎2 − 𝑢) 𝑎2⁄
0

                 

𝑢 < 𝑎1

𝑎1 ≤ 𝑢 <  𝑎2

𝑢 ≥ 𝑎2

        (6) 

𝑟𝑖𝑚2 =  {
0.4

(𝑎2 − 𝑢) (𝑎2⁄
0

− 𝑎1)    

𝑢 < 𝑎1

𝑎1 ≤ 𝑢 <  𝑎2 

𝑢 ≥ 𝑎2

         (7) 

𝑟𝑖𝑚3 =  {
0

(𝑢 − 𝑎1) (𝑎2⁄
0.4

− 𝑎1)     

𝑢 < 𝑎1

𝑎1 ≤ 𝑢 <  𝑎2

𝑢 ≥ 𝑎2

        (8) 

𝑟𝑖𝑚4 =  {
0

(𝑢 − 𝑎1) 𝑎2⁄
1

                 

𝑢 < 𝑎1

𝑎1 ≤ 𝑢 <  𝑎2

𝑢 ≥ 𝑎2

        (9) 

Applying Analytic Hierarchy Process (AHP) technique to 
Determine the weighting factor (w)  

Each factor has its own weight and its own effect in 
the evaluated aspect. Accordingly, the weights are 
often have pretty unlike deductions in the calculation. 
This is extremely important part and it has a main 
influence on the assessment effect in the theory of 
Fuzzy evaluation.  The willpower of the weights 
straight touches the strength of the assessment 
model [24]. Generally, the weight of the factors is 
evaluated by field experiences and some subjective 
assessment which may has strong personal features. 

Unfortunately, these methods occasionally cause 
incorrect outcomes valuation, because its accuracy 
depends only on individual experiences. So that, 
subjective assessment is often implemented by 
introducing Delphi method in decisive the weights. 
This technique also shows faintness, and the 
outcomes are Inopportunely in mining applications 
[25]. Accordingly, further modeling methods are 
studied and evaluated for the assessments in mining 
fields.  

The Analytic Hierarchy Process (AHP) method was 
developed by Saaty 1973 [26]. The AHP is extremely 
used in the weighting evaluation at the launch of the 
modeling practice. It is an easy numerical precise 
technique that suggestions a non-quantitative verdict 
problem. It is correspondingly a technique, by which 
particular calculations are accurately implemented. 
Wherever, in this technique has a part of prejudice, 
the calculated weights are enhanced by the rational 
numerical calculation. So that the effect of the 
subjective factors would be eliminated as possible 
[23]. In addition, precision of the calculation is 
enhanced to a great degree by avoiding 
misperception and errors caused by the coincident 
calculation of the weights for a huge numeral of signs 
[18,20]. Thus, the AHP method is applied in this study 
to evaluate the weightings of all assessment 
indicators as exposed below.  

Firstly, in the AHP-based modeling, the objective and 
the groups of the assessment aspects must be design. 
Then these aspects are built up into a clear 
hierarchical structure, which represent the most 
important step for the AHP method submission as 
shown in Figure (2) [11,23]. Then in the next stage, the 
matrix of the pair wise judgement calculation is 
molded. The matrix of comparative assessment is 
constructed by comparing the elements for each 
hierarchy level pair wise after setting the hierarchical 
analysis structure. The AHP-Method is relay on the 
evaluation of the comparative status of a factor over 
the others for each level [21,22].  

The assessment occurs by comparing between a 
paired of all factors in each hierarchical step, in which 
two essentials of a level are assessed with deference 
to the factor on the upper level of the hierarchy. By 
applying a suitable gauge, this assessment is 
estimated in numerical values to construct the 
evaluation matrix [11,25]. Ck, is an element on a 
higher level of the hierarchy, it contains elements A1, 
A2 ... Am above the lesser hierarchy level. The 
assessment matrix illustrated below shows a pair 
evaluation of the elements A1, A2 ... Am.  

Ck A, A2           ...... Am 

A, a11 ai2         ...... a1m 

A2 

..... 

a 21 

...... 
a22         ..... 

….          ..... 
a2m 

….. 
Am am1 am2       ...... amm 

𝐴 = [

𝑎11 𝑎12   ⋯ 𝑎1𝑚

𝑎21 

⋯
𝑎22    ⋯

    ⋯       ⋯   
 

𝑎2𝑚

⋯
𝑎𝑚1 𝑎𝑚2  ⋯ 𝑎𝑚𝑚

]       (10) 

where aij is strength of the significance of the 
element Ai Vs. the element Aj. The matrix A has the 
following features: 

𝑎𝑖𝑗 > 0  ,   𝑎𝑖𝑗  =  1
𝑎𝑗𝑖

⁄   (𝑖 ≠ 𝑗)   ,   

U

Evaluation of the mining equipment 
techniques 

U1

Technical aspects of 
mining equipent

U11 Digging height

U12 Types of soils

U13 Output rate

U14 Consumption power 

U2

Enveironmental    aspects of 
mining equipent

U21 Dust emisson

U22 Noise emisson

U23 Emissions of  (SO2)

U24 Emissions of  (CO2)

U25 Comulative energy

U26 Vibration

U3

Economic aspects of 
mining equipent

U31 Production cost

U32 Maintenance cost

U33 Final investment
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 𝑎𝑖𝑖  = 1   (𝑖 = 1,2, … . , 𝑚) 

Generally, the matrix is referred with the above 
possessions, as a sign (+ or -) matrix. If   aij × ajp = aip 
is usable for all i, j and p, this sign (positive and 
negative) matrix is steady and Vice versa. The matrix 
A, in real, is not usually has a complete steadiness. 
Consequently, the steadiness of the assessment 
matrix must be reached [14,16].  

To construct matrix A, the pair judgements are 
signified by the numbers that express the comparative 
status of a factor. In AHP method, it is suggested to 
use the essential scale for matching judgement which 
ranged from 1 to 9 for the properly humanoid skill to 
distinguish (see Table (1)). The self-comparison of an 
element, A1 and A1 for instance, consequences in a 
charge of 1, consequently; all diagonal items of the 
matrix of are ones [14,16].   

Table 1 Comparison scale for the AHP Method [27]. 

Score aij Comparison index 

1 Equal importance 

3 Moderately important 

5 Greater significance 

7 Strongly important 

9 Extremely high important 

2, 4, 6, 8 Intermediate values between all above 

Third step, the ranking position will be estimated. To 
adjust the ranking of status of the assessment aspects, 
the comparative status of each aspect of a definite 
classified level must be estimated regard to an 
associate of the upper hierarchy level. So that, the 
assessment matrix is constructed by calculating the 
maximum eigenvalues and the eigenvector. This 
eigenvector represents the status ranking and the 
weight vector of assessment aspects. Therefore, a 
weighting of the assessment factors is determined 
rendering to their worth [26]. The eigenvector of the 
assessment matrix, can be evaluated according to the 
following procedure: 

𝑀𝑖  =  ∏ 𝑎𝑖𝑗  ,   𝑖 = 1,2, … , 𝑚𝑚
𝑗=1    (11) 

where Mi is the item of each row of the assessment 
matrix, 𝑀,  

 

Then, 𝑊𝑖 ̅̅ ̅̅ , which is the root of Mi, is calculated by: 

𝑊𝑖  =  √𝑀𝑖
𝑚                               (12) 

Then, the weights can be carried out by: 

�̅̅̅� = [𝑊1 ̅̅ ̅̅ ̅, 𝑊2 ,̅̅ ̅̅ ̅̅ … … , 𝑊𝑚
̅̅ ̅̅̅]𝑇             (13) 

𝑊𝑖  =  𝑊𝑖 (∑ 𝑊𝑗
𝑚
𝑗=1 )⁄                      (14) 

Finally, the vector 𝑊𝑖 = [𝑊1, 𝑊2 … … , 𝑊𝑚]𝑇  are valid 
for the eigenvector and the weight vector. Built on the 
matching pair-wise judgment matrix of A-B level, 
components in equal of the hierarchy  were likened to 
single component at the level right above and graded 
by eigenvector of the matrix [27]. The eigenvalues of 
λmax is calculated as follows: 

𝜆𝑚𝑎𝑥 =  ∑
(𝐴𝑊)𝑖

𝑚𝑊𝑖

𝑚
𝑖=1                      (15) 

𝐴𝑊 = [

𝑎11 𝑎12   ⋯ 𝑎1𝑚

𝑎21 

⋯
𝑎22    ⋯

    ⋯       ⋯   
 

𝑎2𝑚

⋯
𝑎𝑚1 𝑎𝑚2  ⋯ 𝑎𝑚𝑚

] × [

𝑊1

𝑊2

⋮
𝑊𝑗

]        (16) 

Where W is the matching eigenvector of λmax and Wi 
(i=1, 2 . . . n) is the ranking weight value. In the final 
step, the reliability of the assessment matrix is 
inspected. The eigenvector achieved in the latest 
stage is the weighting vector. The weight distribution 
relies on the reliability approval of the assessment 
matrix. The reliability of the assessment matrix must 
be inspected as following formula: [16,24,27].  

𝐶𝐼 =
1

𝑛−1
 (𝜆𝑚𝑎𝑥 − 𝑛)         (17) 

𝐶𝑅 = 𝐶𝐼 𝑅𝐼⁄                          (18) 

Where CI is the Consistency Index (Consistency) and 
CR is the Consistency Ratio. When λmax value 
becomes closer to n, the consistency of the 
assessment matrix and RI (Random Consistency Index) 
becomes higher. RI index is shown in Table (2). 

Table 2 Random Consistency Index (RI) and 
consistency ratio evaluation [27]. 

Order 
(n) 

1 2 3 4 5 6 7 8 9 

(RI) 0.0 0.0 0.58 0.90 1.12 1.24 1.32 1.41 1.45 

The consistency ratio is acceptable when it values less 
than or equal 10% (CR ≤ 0.1), and then the assessment 
matrix is consistency satisfied, and the weight sharing 
is realistic, otherwise it is desirable to repeat the 
calculation for the pair comparison matrix to enhance 
the CR. 

Fuzzy model assessment 

Afterward building of the assessment matrix of the 
Fuzzy assessment and specifying the weighting of the 
assessment parameters and indicators in terms of 
their significance, the typical of the Fuzzy assessment 
would be defined as follows: 

𝐵𝑖 = 𝑊𝑖 × 𝑅𝑖 = (𝑏𝑖1, 𝑏𝑖2, 𝑏𝑖3, 𝑏𝑖4)               (19) 

  (𝑖 = 1,2, … , 4)                    

If   ∑ 𝑏𝑖𝑗 ≠ 1, then Bi should be normalized by: 

𝑏𝑖𝑗
́ = 𝑏𝑖𝑗 ∑ 𝑏𝑖𝑘

4
𝑘=1⁄      ,   𝑗 = (1,2, … ,4)    (20) 

𝑅 = [

𝐵1

𝐵2

𝐵3

𝐵4

]                         (21) 

If   ∑ 𝑏𝑗  ≠ 1 , then B should be normalized by: 

𝐵 = 𝑊 × 𝑅 = (𝑏1, 𝑏2, 𝑏3, 𝑏4)                 (22) 

The evaluation result bj shows the category, how 
extreme the evaluation item to the calculation class is 
weighed. The calculation class, in harmony with the 
value of supreme relationship was definite, also the 
assessment class concerning the maximum 
assessment relationship bj, as the assessment result 
necessity be chosen [21, 25]. 

Principal Component Analysis (PCA) evaluation model  

In the evaluation system, it is problematic to evaluate 
the entire level for the aspects, which affect the 
process procedures. The primary element analysis 
primarily involves an orthogonal conversion of main 
factors into a group of new uncorrelated factors, 
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called principal components (PC). These are linear 
arrangements of main factors, where the 
mathematician efforts, with as limited main elements, 
to replicate the difference of the main factors. The 
main resolve of the principal component’s 
examination is the statistics saving [28,29]. Generally, 
the main mechanisms have the subsequent relations 
to the main factors, and the calculation of PCA follows 
these steps: 

Step 1: Treatment for the assessment indicators 

Some evaluations have negative gages of the 
improvement. In order to shorten the evaluation 
analysis, it is essential to change them into positive 
gages. The value of the main indicators is swapped by 
mutual standards of the displays. If the worth of 
assessment indicators and of tester data is set, the 
matrix of the main data will be calculated as follows: 

𝑋 = [

𝑥11 𝑥12   ⋯ 𝑥1𝑝

𝑥21 

⋯
𝑥22    ⋯ 

    ⋯       ⋯    
 

𝑥2𝑝

⋯
𝑥𝑛1 𝑥𝑛2   ⋯ 𝑥𝑛𝑝

]                (23) 

Step 2: Adjustment action of the main data 

To reduce the variance in measurement among the 
elements, the original date must be standardized by: 

�́�𝑖𝑗 =
𝑥𝑖𝑗−𝑥𝑗

𝜎𝑗
 (𝑖 = 1,2, … , 𝑛 ;    𝑗 = 1,2, … , 𝑝)        (24) 

where 𝑥�̅� and σj are, the mean and standard deviation 

of the variables in the column respectively and 
calculated by: 

𝑥𝑗 =
1

𝑛
∑ 𝑥𝑖𝑗

𝑛
𝑖=1  , ,    𝜎𝑗 = √

1

𝑛−1
∑ (𝑥𝑖𝑗 − 𝑥𝑗)

2𝑛
𝑖=1         (25) 

Step 3: The correlation matrix R of the standardized 
data 

The correlation matrix R of the standardized data is 
constructed by: 

𝑅 = [

𝑟11
𝑟𝑖12 ⋯ 𝑟1𝑝

𝑟21
𝑟𝑖22 ⋯ 𝑟2𝑝

⋯ 
𝑟𝑝1

  ⋯   ⋯  
𝑟𝑝2 ⋯

⋯
𝑟𝑝𝑝

]                                  (26) 

To abridge the estimation, the identical data of the 
main data is signified by X. The correlation factors of 
the identical data, which is the essentials of the matrix 
R are evaluated by: 

𝑟𝑖𝑗 =
1

𝑛−1
∑ 𝑥𝑡𝑖𝑥𝑡𝑗

𝑛
𝑡=1   (𝑖, 𝑗 = 1,2, … , 𝑝)              (27) 

Step 4: Eigenvalues and eigenvectors of the correlation 
matrix R 

The following characteristic polynomial represents 
the first step in the calculation of the eigenvectors 
from the eigenvalues of the correlation matrix R 

|𝑅 − 𝜆𝐼| = 0                                (28) 

where I is the identity matrix and λ is the eigenvalues. 
R has a number p of eigenvalues λ1, λ2, … λp. They are 
all have a different value, indexed and arranged in 
descending order and are ordered, as R is a symmetric 
matrix.  

The eigenvectors of R are calculated from the 
following formulation:  

(𝑅 − 𝜆𝐼)𝑐 = 0                                             (29) 

The sought vectors (c), which represent the 
eigenvectors of the matrix R of the eigenvalues λ, will 
be calculated as follows: 

𝑐𝑗 = (𝑐𝑗1, 𝑐𝑗2, … , 𝑐𝑗𝑝)
΄
  , (𝑗 = 1,2, … , 𝑝)                        (30) 

Then new variables can be obtained as follows: 

{

𝑦1 = 𝑐11𝑥1 + 𝑐12𝑥2 + ⋯ + 𝑐1𝑝𝑥𝑝

𝑦2  = 𝑐21𝑥1 + 𝑐22𝑥2 + ⋯ + 𝑐2𝑝𝑥𝑝   
…    …    …   …    …     …    …   …
𝑦𝑝 = 𝑐𝑝1𝑥1 + 𝑐𝑝2𝑥2 + ⋯ + 𝑐𝑝𝑝𝑥𝑝

                          (31) 

The new variables (PC) y1,y2,…yp, are linear mixtures 
of the main variables [28,29]. Which are estimated 
consecutively, according to their effect, i. e. the 
primary PC has a major part of the entire deviation, 
then the following PC has the succeeding prime part, 
etc. 

Step 5: Calculation of the effect percentage of the 
variance of all PC 

The part of the variance aj of the PC yj is calculated as 
follows: 

𝑎𝑗 = 𝜆𝑗(∑ 𝜆𝑖
𝑝
𝑖=1 )

−1
                                                 (32) 

The buildup share of variance of the PC is calculated 
by the following formula: 

∑ 𝑎𝑗
𝑚
𝑗=1 = ∑ 𝜆𝑗

𝑚
𝑗=1 (∑ 𝜆𝑖

𝑝
𝑖=1 )

−1
(𝑚 = 1,2, … , 𝑝)      (33) 

Step 6: PC Selection  

The impartial of PC is to create, from a particular 
amount of very correlated variables x1, x2,…, xp, a 
lesser number of new variables y1,y2,…ym  (m <p), as 
direct mixtures. Generally, the buildup portion of 
adjustment percentage of the m designated of the PC 
should surpass 85%. 

∑ 𝑎𝑗
𝑚
𝑗=1 = ∑ 𝜆𝑗

𝑚
𝑗=1 (∑ 𝜆𝑖

𝑝
𝑖=1 )

−1
     ≥ 85%                    (34) 

Step 7: The designated PC and the entire assessment 
values 

Values of the entire selected PC will be obtained if the 
regular data, in the formula (34), are used. Then the 
evaluation rate (F) of the evaluated element results 
from: 

𝐹 = ∑ 𝑎𝑗𝑦𝑗  𝑚
𝑗=1                                                      (35) 

F value is directly proportional with the level of 
progress of the assessment item.Then, the statuses of 
economic development F1, social development F2, 
environmental capacity F3 and sustainability of the 
resources F4, will be estimated. The total standard of 
progress is given by: 

𝐹∗ = ∑ 𝑊𝑖𝐹𝑖
4
𝑖=1                                                   (36) 

where Wi is the weight of Fi. 

Research Methodology and the proposed 
model 

In this paper, the comparison between the seven 
types of the technical equipment for surface mining is 
accomplished. Accordingly, the best method to 
replace the drilling and blasting method is 
ascertained. To accomplish this task, the following 
procedure is done.  
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a. The field and technical data are collected 
either from the field or from the literature.  

b. Applying AHP method using the collected 
data and solve the system using Fuzzy logic.  

c. The above step is rapidity done for each 
method of the seven extraction techniques, 
individually.  

d. Repeat steps b and c for the applications of 
the PCA method. 

e. Evaluate the results and compare the 
performance.   

The investigation was based on the experiences and 

the inspections of surface mines for solid rock as well 

as on analyses made at the Technical University 

Mining Academy Freiberg Germany (TU 

Bergakademie Freiberg) [1-3]. These data are mainly 

technical, environmental, and economical aspects. 

Most of the technical characteristics (Digging height, 

Types of soils, Output rate, Maintains and repair cost, 

and Final investments) are collected from the 

technical reports and operating catalogs for each 

method. The rest of the records are taken from 

published data [1,10], and the assessment of the 

estimation indicators for types of features are 

illustrated in Tables (3) and (4). 

Results and discussions  

In this section, the AHP and PCA presented in section 
2 are used to assess the various surface mining 
techniques. This assessment is objectively studied to 
ascertain alternative options instead of the ordinary 
drilling and blasting method. this is to avoid the 
corresponding challenges in the field. The models AHP 
and PCA are applied to the seven well-known 
techniques utilized in the surface mining as 
summarized in Table (3) as evaluated as follows.  

Calculation of the AHP method  

The weighting of all indicators was calculated 
according to Tables (1) and (2) and the formulas from 
(10) to (18) as shown in Tables (5). After calculating 
the weightages and the Fuzzy assessment matrices, 
the control gates by means of the formulas (18) to 
(22). The results of evaluation of the equipment 
according to the principle of maximum connection are 
illustrated in Table (6) [30].  

As shown in Figures (3) and (4), the drilling and 
blasting is the best way to break rocks then bucket 
wheel excavator, hydraulic excavator, surface miner, 
hydraulic hammer, bulldozer, and face miner, 
respectively. The characteristics aspect used as 
general criteria for choosing, at the first step of 
evaluation, the bucket wheel excavator is the most 
efficient equipment that could be used in an order 
after drilling and blasting method. Under certain 
circumstances, it is false such as the diggings 
procedure may be a quite difficult in the case of hard 
rock [28-30]. For the hard rock case, the choice is 
changed to find another appropriate type, so that the 
hydraulic excavator who comes in the third place of 
the evaluation process could be the suitable select to 
do this task [19,21,29]. Hydraulic hammers and 
bulldozers are very close in their rank, but hydraulic 
hammer excels in technical and environmental 
characteristics giving it a fifth place ahead of the 

bulldozer. Finally, the overall evaluation for the three 
aspects is illustrated in Figure (4) which gives the 
results of AHP [11,19,20,30].  

Table 3 The real standards of  indicators for different 
techniques reported in [1,11]. 

Criteria 

Types of equipment 
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1- Technical of equipment aspects 

U11 Digging height (m) 12 13 20-50 10 2-4 9 >50 

U12 Types of soils  σ (Mpa)  35 50 50 200 120 50-100 >250 

U13 Output rate(1000m3/hr )  0.5 2 20 0.4 0.2 3 >20 

U14 Consumption power (1000kW)   4 6 8 12 5 3 < 2 

2- Enveironmental aspects 

U21 Dust emisson.  (g/t)  160 900 400 205 370 190 120 

U22 Noise  (dB)  103 114 108 114 113 114 113 

U23 Emissions of  SO2 (g/t rock) 9.2 8.9 1.4 15.4 13.5 15.1 8 

U24 Emissions of  CO2    (g/t rock) 993 2178 505 1647 1450 1598 948 

U25 Cumulative Energ  (Mj/t rock) 13 33 13 22 18.9 20.8 9.8 

U26 Vibration  (%) 40 50 40 75 50 50 80 

3- Economic aspects 

U31 production cost  (%) 48 100 60 70 72 80 50 

U32 Maintains and repair cost (%) 80 90 45 80 50 60 30 

U33  Final investments  (%) 80 70 90 70 70 65 100 

 

Table 4:The arrangement evaluation of the 
assessment indicators for different types of aspects 
reported in [11]. 

 

Rating Classifications 

High 
Relativel

y high 
Medium Low 

1- Technical of equipment aspects 

U11 Digging height (m) > 20 10-20 5-10     < 5 

U12 Types of soils  σ (Mpa) > 100 50-100 25-50 < 25 

U13 Output rate(1000m3/hr ) > 15 5-15 2-5 < 2 

U14 Consumption power (1000kW) > 10 5-10 2-5 < 2 

2- Enveironmental aspects 

U21 Dust emisson.  (g/t) > 1000 500-1000 200-500 < 200 

U22 Noise  (dB) > 110 80-110 50-80 < 50 

U23 Emissions of  SO2 (g/t rock) > 12 6-12 2-6 < 2 

U24 Emissions of  CO2    (g/t rock) > 2000 1000-2000 500-1000 < 500 

U25 Cumulative Energ  (Mj/t rock) > 30 20-30 10-20 < 10 

U26 Vibration  (%) > 75 40-75 10-40 < 10 

3- Economic aspects 

U31 production cost  (%) > 80 50-80 20-50 < 20 

U32 Maintains and repair cost (%) > 50 20-50 10-20 < 10 

U33  Final investments  (%) > 80 50-80 30-50 < 30 

 

Technical specification has the largest effect on the 

evaluation of the surface mining techniques. Drilling 

and blasting technique has the wider technical 

specification then bucket wheel excavator, while 
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horizontal excavator is the last one in this category. 

Drilling and blasting, bucket wheel excavator, and 

horizontal excavator almost have the same 

environmental evaluation effect, the highest, which is 

the main reason to raise the horizontal excavator to 

the third category in the overall evaluation after 

drilling and blasting and bucket wheel excavator and 

before Surface-miner. Hydraulic hammer and 

horizontal ripping bulldozer are nearly equal in their 

weight and effect and in their overall evaluation. Face-

miner comes at the end of this classification that is 

because it has the lowest technical, and 

environmental aspects among all studied techniques. 

Table 0 Weightages of all indicators on the hierarchy 

level of the criterion. 

Weight of all aspects Weight of technical aspects 

U W 
Check the 

Consistency 
U1 W 

Check the 
Consistency 

U1 
U2 
U3 

0.121929 
0.319728 
0.558343 

C
R

= 
0.

0
15

7
72

 <
 0

.1
 

U11 
U12 
U13 
U14 

0.307312 
0.16967 

0.432368 
0.09065 

C
R

= 
 0

.0
14

36
5

 <
 0

.1
 

Weight of environmental aspects Weightages of economic aspects 

U2 W 
Check the 

Consistency 
U3 W 

Check the 
Consistency 

U21 
U22 
U23 
U24 
U25 
U26 

0.329947 
0.053173 
0.127626 
0.221101 
0.17553 

0.092622 C
R

 =
  0

.0
4

69
6

8 
< 

0.
1

 U31 
U32 
U33 

0.194614 
0.537377 
0.268009 

C
R

= 
 0

.1
< 

0.
1

 

 

Calculation of the PCA method 

Many mathematical designs are involved in this 

technique such as adjustment of the pointer data, the 

correlation matrix, and the eigenvalues and 

eigenvectors of the correlation matrix to excellent the 

principal components [28-30]. The final evaluation 

results of all systems are shown in Table (7) and in 

Figures (5) and (6).  

The evaluation and the weight of each aspect in this 
method differ from that in the AHP method. For 
example, the value of the technical aspect in the AHP 
method for the bucket while excavator is 
comparatively high, and its economical aspect is low 
Figure (3). However, this value is relatively converted, 
where the economical aspect is high, and its technical 
aspect is low as shown in Figure (5). This situation is 
corrected by using different weights for each aspect. 
As shown in Figure (6) the final evaluation order is that 
drilling and blasting have the highest evaluation rate 
then bucket wheel excavator, hydraulic excavator, 
surface miner, hydraulic hammer, bulldozer, and face-
miner, respectively. The conclusion attained by these 
results of applying the PCA method is almost matched 
with the previous method AHP of calculations. 

 

Table 6: Calculation of the AHP evaluation method. 

 Technical aspects Envi. aspects 

Hydraulic Excavator  
(H.Ex) 

( 0.18    0.235  0.51  0.68 ) ( 0.617   0.52   0.28  0.2) 

Face-miner 
(F.M) 

( 0.19    0.25   0.75   0.62 ) ( 0.1   0.12   0.614   0.8 ) 

Bucket wheel 
Excavator (BWE) 

( 0.8   0.374   0.18   0.14 ) ( 0.64    0.72   0.17   0.17 ) 

Hydraulic Hammer 
(H;Ha) 

( 0.25   0.17   0.31  0.6 ) ( 0.351   0.45  0.38   0.47 ) 

Horizontal Ripping 
Bulldozer (Bul) 

( 0.22    0.13  0.33  0.8 ) ( 0.37   0.48    0.42  0.45 ) 

Surface-miner 
( S:M) 

( 0.32   0.26   0.63  0.54 ) ( 0.46   0.3   0.39   0.42 ) 

Drilling and Blasting 
(D&B) 

(  0.999    0.399   0    0  ) (  0.66  0.41   0.2  0.26  ) 

 Economic aspects All aspects 

Hydraulic Excavator  
(H.Ex) 

( 0.35  0.21   0.31   0.61 ) ( 0.41  0.31   0.32   0.49 ) 

Face-miner 
(F.M) 

( 0.13   0.214   0.35  0.77 ) ( 0.13  0.19    0.48   0.76 ) 

Bucket wheel 
Excavator (BWE) 

( 0.37    0.24   0.6  0.47 ) ( 0.51  0.41  0.41   0.34 ) 

Hydraulic Hammer 
(H;Ha) 

( 0.06    0.1   0.59   0.79 ) ( 0.18    0.21   0.49  0.67 ) 

Horizontal Ripping 
Bulldozer (Bul) 

( 0.05    0.08    0.6    0.8 ) ( 0.175   0.211  0.51  0.68 ) 

Surface-miner 
( S:M) 

( 0.12    0.19   0.37  0.783 ) ( 0.25    0.23    0.41   0.63 ) 

Drilling and Blasting 
(D&B) 

(  0.56   0.47   0.37   0.3 ) (  0.65    0.44   0.27   0.24  ) 

 

 

Figure 3 AHP evaluation method for aspects. 

 

Figure 4 Overall evaluation method of AHP. 

Table 7 Calculation of the PCA evaluation method. 

Type of Equpment 
F 

char. 
F  

env. 
F 

econ. 
F.f 

Hydraulic Excavator   (H.Ex) -0.63 0.14 0.52 0.25 

Face-miner (F.M) -0.51 -0.1 -1.4 -0.86 

Bucket wheel Excavator 
(BWE) 

0.14 0.54 0.75 0.61 

Hydraulic Hammer (H;Ha) 0.15 -0.1 -0.42 -0.25 

Horizontal Ripping 
Bulldozer (Bul) 

-0.17 -0.45 -0.22 -0.29 

Surface-miner ( S:M) -0.18 -0.55 -0.69 -0.58 

Drilling and Blasting (D&B) 1.19 0.48 1.46 1.12 

 

0

0.2

0.4

0.6

0.8

1

1.2

H.Ex F.M BWE H.Ha Bul. S.M D&BA
H

P
 E

va
lu

at
io

n
 R

at
in

g

Types of Mining Equipment

Evaluation of Equipment

Technical Environmental Economical

0

0.2

0.4

0.6

0.8

H.Ex F.M BWE H.Ha Bul. S.M D&BA
H

P
 E

va
lu

at
io

n
 R

at
in

g

Types of Mining Equipment

All Aspects of Mining Equipment



Journal of Petroleum and Mining Engineering 23(2)2021                                                                                                            DOI: 10.21608/jpme.2021.98758.1097 
 

Page|99 

 

Figure 5 PCA evaluation method for aspects.       

 

Figure 5 PCA evaluation method of all aspects.    

Comparison among the different surface mining 
techniques 

From the above discussions, the method of drilling 

and blasting represents the highest efficiency among 

the methods used in surface mines. Therefore, other 

techniques are evaluated related to the traditional 

drilling and blasting technique. The results presented 

in figure (7) are computed as a percentage to the 

drilling and blasting rating value. For example, the 

bucket wheel excavator, the highest adeptness in the 

order after drilling and blasting, represents around 

78.5%. On the other hand, the last one in the order is 

the Face-miner that represents about 20.0% from the 

efficiency of the drilling and blasting procedure. The 

efficiencies compared to drilling and blasting 

efficiency of hydraulic excavator, surface miner, 

hydraulic hammer and bulldozer are around 63.1%, 

38.5%, 27.7% and 26.9%, respectively. Hydraulic 

hammer and bulldozer are very close in their rating 

and could be considered as equal in this evaluation. 

Finally, although the most effective method in rock 

breakage is the drilling and blasting, it can be replaced 

by the other techniques, however in different 

percentage efficacy. The closest method to the drilling 

and blasting is the bucket wheel excavator, while the 

very fare one is the Face-miner method.  

By reviewing and studying the previous works, we find 

that these works focused on choosing an alternative 

rock breakage for the drilling and blasting method. 

The results showed that (BWE) was the best 

alternative method and the top solution when 

focusing on environmental and the cost aspects in the 

individual mining techniques show that the relative 

differences of a far-away opencast mine are much 

higher than those of an open-cast mine near a built-

up area. figure 8.  By comparing the present work and 

the previous one illustrated in figure.8 the similarity 

will be clarified however, the differences in the 

parameter. Also, the present work shows that the 

(BWE) gets the first choice after drilling and blasting 

operations because of technical parameters added in 

this work so that the result could be the same [1,2,3].  

On the other hand, the (FAHP) method was used to 

choose the most appropriate underground and in 

open cast mining too for a specific mine and the result 

was matched with the results obtained from the 

traditional selection methods [2,4,11]. (AHP-PAC) the 

method was also used in the optimal selection of the 

locations of the Ore dressing units in the mine site, 

and therefore it is considered one of the best methods 

of selection in both surface and subsurface mining 

operations, which have proven their efficiency and 

can be relied upon to give good results [4,20]. 

      
Figure 7 Comparison among different techniques 

 
Figure 8: Evaluation of different mining operation 

using scaling statistical accounting method the 

environmental and costs effects by Schmieder P. [1] 

Conclusions  

This paper presented the assessment of different 
techniques applied in fracturing rocks in surface mines 
in accordance with their technical, environmental, 
and economical aspects. In which, two different 
procedures of evaluation (Analyses Hierarchical 
Process (AHP) and Principal Component Analyses 
(PCA)) were applied to perform the assessment, and 
they were processed using the statistical analyses of 
fuzzy methods. Six mining techniques in addition to 
the drilling and blasting, have been examined about 
their technical aspects, environmental effects, and 
production costs. The results of the two mathematical 
models were very close and proved that the drilling 
and blasting was the superior method then the order 
was found as bucket wheel excavator, hydraulic 
excavator, surface miner, hydraulic hammer, 
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bulldozer, and face miner respectively. Hydraulic 
hammer and bulldozer were very close in their rating 
and could be considered as equal in this evaluation. 
The competences compared to drilling and blasting 
efficiency of bucket wheel excavator, hydraulic 
excavator, surface miner, hydraulic hammer, 
bulldozer, and face miner were around 78.5%, 63.1%, 
38.5%, 27.7%, 26.9% and 20% respectively. 
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